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Abstract acceptable for the new cooling channel. The overall lay-

. _The front-end of a neutrino facto.ry (the part of the fa—target drift buncher rfrotator  cooling
cility between the target and the first linear accelerator)
represented a large fraction, abd0t%, of the total facil- -
ity costs as discussed in a rather comprehensive feagibilit
study (FS2) [1]. Several recent developments, briefly sum- }
marize in this article, lead to the idea that a new design forg 12 111 162 216 205 m
the front end may be possible and that it is significantly less

expensive than the front end used in FS2. Figure 2: (Color) Overall layout of the front-end.

INTRODUCTION out of the new front-end design is shown schematically in

Fig. 2
A new approach to bunching and phase rotation usingg

; . . . The article is organized as follows. In the first section
the concept of adiabatic rf bunching [2] eliminates the VelYe describe the different regions of the front end and in

expensive induction linacs used in FS2. The concept of tl}ﬁe second we show the Monte Carlo performance of the
channel simulated with the code ICOOL [3].

Study2 (FS2) with Induction Linacs
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The first 12 m is used to capture pions produced in the
ot target. The field here drops adiabatically from 20 T over the
Neuffer’s Bunched Beam Rotation target to 1.75 T. At the same time, the radius of the beam

it 201 At pipe increases from 7.5 cm at the target up to 25 cm. Next
comes a drift of 99 m for the pions to decay into muons and

AE
° for the energy-time correlation to develop.
_— Eucer O, eRatation) ) 00000 The beam distributions used in the simulations were gen-
..
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erated using MARS [4]. The distribution was calculated for
a 24 GeV proton beam interacting with a Hg jet [5]. The
jet was incident at an angle of 100 mrad to the solenoid
axis, whereas the beam was incident at an angle of 67 mrad
Figure 1: (Color) Comparison of the buncher concept used the solenoid axis. This geometry gives near-peak ac-
here (bottom) with the bunching system used in FS2 (topkeptance for the produced pions. An examination of the
distribution of particles that were propagated to the end
adiabatic buncher is compared with the system used in F@2 the front-end channel showed that they have a peak

in Fig. 1. Initially, there is a small spread in time, but apilm'tial ~ 300 MeV/c with a long high-energy tail, and
very large §pread in energy. The target is foIIovyed by peakpitiel ~ 180 MeV/c. In addition, we used an
drift Space in b_Oth cases, where a sfrong correlation deve[_- proved axial field profile in the capture region that in-
ops between time and energy. In FS2 the energy spread |

h lated b first flattened usi : f_cﬂeased the final number of muons per proton in the accel-
e correlated beam was first flattened using a series of ig:_, acceptance by10%.

duction linacs, which reduced the final rms energy sPreaJThe actual coil configuration in the collection region

0 .
0 4.4%. The beam was then sent through a series offf g0 i the contribution to the multi-divisional APS

cavities for bunching, which increased the energy spre Céudy, Joint Study on the Future of Neutrino Phys[é3.

to ~ 8%' In the new schgme, the_ correlated _b_eam IS firs MARS calculation of the absorbed radiation dose in
adiabatically bunched using a series of rf cavities with det'he collection region has been carried out. The peak en-

creasing frequencies and increasing gradients. The bea @y deposition dose in the superconducting coilsxis
then phase rotated with a second string of rf cavities wit 5 x 10-5GeV/g per proton on target. This dose is :albout
decreasing frequencies and constant gradient. The final rrp;s1 MGy/yr for a 1 MW beam runnin.g for Snowmass
energy spread in the new design is 10.5%. This 5pread}i/?'izarof 1 x 107 s. Assuming a lifetime dose for the insula-

*MUC-CONF-COOLTHEORY-316 tion of 100 MGy, there should be no problem with radiation
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damage in the coils. COOLING LATTICE
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Bunching and Phase Rotation Region

il

The buncher isz 50 m long; two cells of the buncher lat- > rfcaviy
g L [201.25 MHz| L

tice are shown schematically in Fig. 3. Most of the 75 cm i | L
cell length is occupied by the 50 cm long rf cavity. The 15.25 MV/m
cavity iris is covered with a Be window. The limiting ra- _| = [ beam
dial aperture in the cell is determined by the 25 cm radius
of the window. The 50 cm long solenoid was placed out-
side the rf cavity in order to decrease the magnetic field‘ ‘ ‘ ‘ ‘ ‘
ripple on the axis and minimize beam losses from momeny, 25 50 75 100 125 150 cm
tum stop bands. The buncher section contains 27 cavities
with 13 discrete frequencies and gradients varying from Sgjgre 4: (Color) Schematic of one cell of the cooling sec-
10 MV/m. tion.

The frequencies decrease from 333 to 234 MHz in the
buncher region. The cavities are not equally spaced. Fewer

cavities are used at the beginning where the required gradit Be on the side facing the rf cavity field and@y..m thick
ents are small. layer of Be on the opposite side (The Be will, in turn, have

a thin coating of TiN to prevent multipactoring.) The alter-
solenoid ‘ nating 2.8 T solenoidal field is produced with one solenoid
- > per half cell, located between the rf cavities.
= The beam at the end of the cooling section consists of
a train of bunches with a varying population of muons in
rf cavity each one; this is shown in Fig. 5 for one sign and Fig. 6
shows the longitudinal phase space.
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Figure 3: (Color) Schematic of two cells of the buncher o & F .
phase rotator section. g 3 E
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The rotator cell is very similar to the buncher cell. The 2 | 1
major difference is the use of tapered Be windows on th  1f :
cavities because of the higher rf gradient. There are 72 ce g N 1

X

ities in the rotator region, with 15 different frequencies "1 o0 10 20 30 40 50 60 70
The frequencies decrease from 232 to 201 MHz in this pait Bucket Number

of the front end. All cavities have a gradient of 12.5 MV/m'Figure 5 Bunch structure of the beam delivered to the

] ] accelerator normalized transverse acceptancelpf =
Cooling Region 30 mm rad and normalized longitudinal acceptance of

The cooling channel was designed with a solenoidaflz = 150 mm for a momentum cui.1 < p < 0.3 GeVic.
FOFO lattice giving a transverse beta function that is rela-

tively constant with position and has a magnitude of about
80 cm. One cell of the channel is shown in Fig. 4. MosHeating of Absorber Windows

of the 150 cm magnetic cell length is taken up by the There are unresolved issues with the absorber windows,
50 cm long rf cavities. The cavities have a frequency ofy particular, due to the energy deposited by the intense
201.25 MHz and a gradient of 15.25 MV/m. A novel Sy 0n beam on the LiH and the rf heating on the Be layer

pect of this design comes from using the windows on thgeposited or bonded on the LiH. Under ideal assumptions
rf cavity as the cooling absorbers. This is possible becaugg: have

the near constarit function does not significantly increase
the emittance heating at the window location. The window e Muon beam energy depositiosy 58 W on LiH.
consists of a 1 cm thickness of LiH withra pm thick layer Steady stateTmax = 270°C is well below
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Figure 6: Longitudinal phase space at the end of the chan-
nel.

Tmelting = 690°C
e Total rf powera: 220 W on Be. Steady statBnmax ~
700°C is well belOWTmeIting = 1275°C

Of course, accurate finite element thermal studies are
needed to assess the viability of the composite LiH-Be sys-
tem.

SIMULATION RESULTS

The channel produces a final value«§f = 7.1 mm rad,
which is more than a factor of two reduction from the ini-

tial value. The equilibrium value for a LiH absorber with

an 80 cmg function is aboutiqu”‘ ~ 5.5 mmrad. The

change ofe) ande} along the front end is displayed in
Fig. 7. Figure 8 shows the muons per incident proton on

80 m cooling channel
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Figure 8: No.u/pin A, andAy.
Table 1: Summary of Results.
< p, > Mean Momentum (MeV/c) 220
rms Energy Spread (MeV) 31
) (mm-rad) 7.1
<1 (mm-rad) 5.5
€N (mm) 66
A, (mm-rad) 30
A (mm) 150
No. u/pin Ay andAp, 0.170

target that fit into the accelerator transverse normalized agdge their contribution. This research was supported by
ceptance ofA7 = 30 mm rad and normalized longitudi- the U.S. Department of Energy under Contracts No. DE-
nal acceptance ofi;, = 150 mm. The 80-m-long cooling AC02-98CH10886, No. DE-AC02-76CH03000, and No.
channel raises this quantity by about a factor of 1.7. ThBE-AC03-76SF00098.

current best value i8.170 £ 0.006 muons per incident pro-
ton. This is the same value obtained in FS2. Thus, we have
achieved the identical performance at the entrance to the
accelerator as FS2, but with a significantly simpler, smortel1l]
and presumably less expensive channel design. In addition,
unlike FS2, this channel transmits both signs of muons pro-
duced at the target. With appropriate modifications to the
storage ring, this design could deliver both (time tagged{!
neutrinos and antineutrinos to the detector. A summary of
the results is seen in Table 1.
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Figure 7: Normalized transverse emittance (left) and longi
tudinal emittance (right) along the front-end for a momen[—S]
tum cut0.1 < p < 0.3 GeV/c.
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